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Abstract 
This paper presents the design of a hybrid electric power generation system utilizing both wind and solar energy for 
supplying model community living in Ethiopian remote area. The work was begun by investigating wind and solar 
energy potentials of the desired site, compiling data from different sources and analyzing it using a software tool. The 
data regarding wind speed and solar irradiation for the site understudy are collected from the National Metrological 
Agency (NMA) and analyzed using the software tool HOMER. According to the results obtained through the analysis, 
the site has abundant solar energy potential and the wind energy potential is unquestionably high enough to be 
exploited for generating electric energy using wind turbines with low cut-in wind speed. The design of a standalone 
PV-wind hybrid power generating system has proceeded based on the promising findings of these two renewable 
energy resource potentials, wind and solar. Electric load for the basic needs of the community such lighting, water 
pumping, a radio receiver, flour mill and medical equipment for a health clinic has been suggested. The simulations 
and design has been carried out using the HOMER software. By running the software the simulation results which are 
lists of power supply systems have been generated and arranged in ascending order according to their net present cost. 
Sensitivity variables, such as range of wind speed, solar radiation, PV panel price and diesel price have been defined 
as inputs into the software and the optimization process has been carried out repeatedly for the sensitivity variables 
and the results have been refined accordingly. 
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1. Introduction  
Ethiopia is landlocked country situated in the Horn of Africa with population estimated at over 83 
million by 2007 [1]. In terms of gross domestic product (GDP) per capita Ethiopia rated 174th of 179 and 
in terms of human development index it is rated 169th of 177 [1]. From these figures it is apparent that 
Ethiopia is one of the poorest countries in the world. The total electricity coverage of the country is 16% 
which most of the costumers live in the urban areas and consume less than 50 kWh per year, while more 
than 80% of the population which lives in rural areas has negligible access to electricity, less than 2% [2].  
The electric energy system of the country which is mostly dominated by hydropower is suffering 
energy shortage from high energy demand rate and climatic impacts. Due to the se problems power 
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shading is common in Ethiopia during periods with lower water levels, even in the capital. The conditions 
in the rural areas far from the grid system, where majority of the populations live getting worse. The 
people in these rural areas use human power for water pumping and flour mill, fire wood for cooking and 
lighting, and dry cells for radio and tape recorders. Electrification by grid extension of these areas is 
unlikely in foreseeable future. The current international trend in rural electrification is to utilize renewable 
energy resources such as solar, wind, biomass, and micro hydro power systems. Among these, wind and 
solar energy systems in stand-alone or hybrid forms are thought to be ideal solution for rural 
electrification due to abundant solar radiation and significant wind distribution availability nearby the 
rural community in Ethiopia. Thus, hybrid power generation systems comprising these renewable energy 
resources can be used as alternative for rural electrification where grid extension is expensive and the 
price of fuel is high due to remoteness of the location.  Due to the intermittency nature of the renewable 
energy resources and the load demand, an energy storage device such as a battery, is required. The 
complementary nature of solar and wind energy enhance the reliability of the hybrid system without any 
need to oversize the system components, to meet the load for extended time periods with small renewable 
energy production.   
Several authors have studied the wind/PV/Diesel, wind/Diesel and PV/Diesel hybrid systems with 
energy storage. Ali et al. in [3] describe the PV/diesel hybrid system with lead-acid batteries for off-grid 
application installed at middle and top stations of the Langkawi Cable Car facilities. In [4], based on the 
available hourly average data of wind speed, solar radiations and the power demand, the generation 
capacity is determined to best match the power demand by minimizing the difference between generation 
and load over a 24-hour period. Drake and Mulugeta [5, 6] studied the solar and wind potential 
distribution of Ethiopia. Regression coefficients of the angstrom equation (a and b) relating sunshine 
duration to daily solar radiation and Weibull parameters (shape factor, k, and the scale factor, c) are 
estimated throughout the country. Bekele [7] determined solar and wind potentials of selected locations in 
Ethiopia and studied feasibility of Wind/PV hybrid system to electrify 200 model families. In the study, 
HOMER is used for optimization and sensitivity analysis.  
HOMER is used for designing and modeling of the PV/Wind hybrid system. The software is a 
micropower design tool that can simulate and optimize standalone and grid-connected power systems 
with any combination of wind turbines, PV arrays, run-off-river hydro power, biomass power, internal 
combustion engine generators, and batteries, serving both electric and thermal loads. Wind and solar data 
is input to HOMER. In addition, the size, cost and lifetime of power system components are defined as 
inputs. The HOMER algorithm considers each possible combination of the resources and determines the 
feasible combinations that can meet the required system load and constraints imposed by the modeler. In 
the results feasible combinations of the hybrid components are displayed according to their net present 
cost in ascending order. In addition, the performance of each component, cost of energy, excess and/or 
shortage of energy and sensitivity results can be observed from HOMER output.  
2. Data Source and Data Treatment 
One of the major tasks of this study is the assessment of the potentials of wind and solar resources, 
which are then, followed by load estimation and design of the hybrid systems.  
2.1. Wind Resource Assessment 
Wind speed data of a nearby station (Nagelle Borana) was collected from National Metrological 
Agency (NMA). NMA recorded wind data using data logger attached to anemometer which is fixed at 2 
m height. The annual average wind speed measured at 2 m is found to be 2.6 m/s. The measurement made 
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at 2 m is extrapolated to hub height (25 m) using the logarithmic law, which assumes that the wind speed 
is proportional to the logarithm of the height above ground as given by equation 1 [8, 9]: 
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        (1) 
Where: ����is Reference height (m),�� is Height where wind speed is to be determined (m),���is
Measure of surface roughness (0.1 to 0.25 for crop land),V is Wind speed a hub height (m/s), and ����→
Wind speed at the reference height (m/s) 
2.2. Solar Potential Assessment 
Monthly average solar radiation is one of principal parameter used by HOMER software as input. 
Unfortunately, there is no properly recorded solar radiation data and, what is available is sunshine 
duration data. However, given knowledge of the number of sunshine hours and local atmospheric 
conditions, sunshine duration data can be used to estimate monthly average solar radiation, with the help 
of empirical equation 2 to 6 [6, 7 and 10].  
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Where:� �is monthly average daily radiation on horizontal surface (MJ/m2),� ��is monthly average daily 
extraterrestrial radiation on a horizontal surface (MJ/m2), N is the maximum possible daily hours of bright 
sunshine, � is monthly average daily number of hours of bright sunshine, � and b are regression 
coefficients having average value of a =0.33 and b=0.43 [6]. 
Solar radiation, known as extraterrestrial radiation, 0H  on a horizontal plane outside the atmosphere, 
is given by equation 3. 
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Where: ��is the day number starting from January 1st as 1,���� is1367 W/m2, the solar constant, φ is 
Latitude of the location (5.3o),  δ is Declination angle (0) given by equation 4. 
��→ Sunset hour angle (0) given by equation 5. 
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The maximum possible sunshine duration N is given by equation 6.  
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The solar radiation, which is obtained from above equations (2-6).  is fed to the software as input.  
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3. Load Estimation 
The electric loads are usually the largest single influence on the size and cost of hybrid system 
components. So, deciding on the loads is one of the most important steps in the design of the hybrid 
system. 
According to Bekele [7], electric load in the rural villages of Ethiopia can be assumed to be composed 
of lighting, radio receiver and television set, water pumps, health post and primary schools load. Tamrat 
[11] considered only lighting, radio and television as a community load. In this study, electricity for flour 
mills is added to the load together with radio receiver and health post is upgraded to health clinic with 
additional medical equipment. Water pumps are considered as deferrable loads while the others as 
primary loads. 
The electric loads for school and community contains lighting, water pumping, a radio receiver and 
flour mills. Whereas health clinic loads includes lighting, water pumping, electric supply necessary for 
some medical equipment, and other for miscellaneous use.  Each household is assumed to use a 7 W for 
night external lighting, a 3 W radio receiver and two 40 W light bulbs to be used between 18:00 to 23:00 
in the evening and the daily energy consumption is calculated to be approximately 46 kWh.  
Electric lighting for the school in the evenings (18:00-21:00) for those who wish to pursue basic 
education is suggested. For eight classrooms with eight lamps of 40 watt capacity in each classroom and a 
lamp for a toilet and eight fans for each class is considered for air conditioning which operate for eight 
hours and energy is calculated to 4.6 kWh/day. 
A typical health clinic, equipped with vaccine refrigerator, light bulbs, stand-by communication VHF 
radio, microscope, vaporizer, centrifugal nebulizer, oxygen concentrator, ceiling fans and AM/FM radio 
receiver, is suggested. The health clinic has ten bed rooms, one reception room, two OPD rooms and 
other rooms for different services. This equipment of a health clinic consumes 22.4kWh/day. 
Water pumping systems, deferrable load, is required for the households, the school and health clinic. A 
minimum of 100 litres of water per day per family and 2000 l/day for health clinic and primary school 
each is suggested. To accomplish this, 4 pumps of 150 W (with a capacity of 10 l/m) operating for 6 
hours/day are to be installed to supply water for the community. Another 2 pumps of 150W (with a 
capacity of 10 l/m) for the school and health clinic each operating for 4 hours/day is assumed. A sufficient 
water storage capacity for 3 days is assumed and the corresponding electricity storage capacity is 10.8 
kWh for the households and 5.4 kWh for the school and health clinic. The peak deferrable load is 0.6 kW 
for the households and 0.3 kW for the school and health clinic.  
The sum total of the daily energy consumption of the community is approximately 78 kWh. 
In the weekends it is assumed that flour mills are not working and evening classes are conducted at 
day time. In the rainy season up to 30% deferrable load can be expected to decrease because water 
consumption from the pumps is expected to be shared by river and rain water ponds [7]. September to 
October and April to June is the rainy season for this area. There are no classes in July and August 
(annual break) and in January (semester break). The daily electrical energy consumption in the rainy 
months would be 76 kWh and that in January, July and August 73 kWh.  
The 24 hour primary and deferrable load profiles are given in figures 1 (a) and (b) respectively.
Fig. 1. (a) Daily Primary load profiles; (b) Monthly average deferrable load profiles 
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4. Results and Discussion 
After entering the necessary inputs, to find the optimum solutions, HOMER is run repeatedly by 
varying parameters that have a controlling effect over the output. The output of the simulation is a list of 
feasible combinations of PV, wind-turbine, generator, converter, and battery hybrid system set-up. The 
optimization results are generated in either of two forms; an overall form in which the top-ranked system 
configurations are listed according to their net present cost (NPC) and in a categorized form where only 
the least-cost system configuration is considered for each system type. Table 1 shows a list of the possible 
combinations of system components in an overall form. This table (Table 1) shows selected few system 
configurations from the top 200 listed in long overall table. 
Table 1: Overall optimization results 
PV
(kW) 
HY-5 Gen1 
(kW) 
Battery Converter 
(kW) 
Dispatch
Strategy 
Initial
Capital
Total
NPC
COE
($/kWh) 
 RF Diesel 
(L) 
Gen1
(hrs)
5 3 15 16 15 LF $56,937 $103,914 0.302 0.84 1,955 633 
5 3 20 16 15 LF $57,952 $106,553 0.309 0.83 2,173 529 
10 3 15 16 15 LF $65,937 $108,489 0.315 0.89 1,655 537 
15 2 15 16 15 LF $69,947 $115,728 0.336 0.87 1,959 636 
10 2 15 32 15 LF $75,347 $116,780 0.339 0.92 857 278 
10 3 15 32 15 LF $80,337 $118,315 0.344 0.96 530 172 
15 2 20 16 15 LF $70,962 $119,084 0.346 0.85 2,230 543 
10 2 15 32 20 LF $79,347 $120,081 0.349 0.93 715 231 
10 3 15 32 20 LF $84,337 $120,366 0.35 0.98 302 98 
15 3 10 32 20 LF $92,322 $125,456 0.364 0.99 84 40 
20 3 6 32 20 LF $96,730 $129,593 0.376 1 18 13 
The most cost effective system, i.e. the system with the lowest net present cost, is the PV-wind 
turbine-generator-battery-converter set-up with the generator operating under a load following (LF) 
strategy (a dispatch strategy whereby the generator operates to produce just enough power to meet the 
primary load; lower-priority objectives, such as charging the battery bank or serving the deferrable load, 
is left to the renewable power sources). For this set-up, the total net present cost (NPC) is $103,914, the 
cost of energy (COE) is 0.302 $/kWh, contribution from renewable resources is 84%, the amount of 
diesel oil used annually is 1,955 liters and the generator operates for 633 hours per year. At bottom of the 
table, there is another setup with a 100% renewable fraction (RF) which is worth of attention. For this 
setup the total NPC increases to $129,593 and the COE 0.376$/kWh. This is another attractive system if 
the 100% renewable resources contribution is to be given main concern and also if consideration is given 
to other related issues, such as the future price trend of the components which make up the system, the 
unpredicted rise in current fossil fuel prices at global market, and also the global warming and 
environmental protections.  
Sensitivity analysis was also carried out for multiple prices of PV and diesel fuel by keeping average 
wind speed at 2.6 m/s (measured at 2 meters) and average solar radiation at 5.82 kWh/m2/day. 
5. Conclusion 
A hybrid power generation system which comprises of PV arrays, wind turbines and diesel generator 
with battery banks and power conditioning units has been discussed in this paper. The design of 
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standalone electric power supply system for a model community has been conducted based on the 
investigation of wind energy and solar energy potentials of the area understudy.  
The study of the renewable potentials of the site is based on the recently recorded data (2003-2005) 
obtained from the NMA. Regarding solar energy potential there is no accurately recorded solar radiation 
database in the country, instead only sunshine hour data was available. Empirical formulas are used to 
estimate the solar radiation from available sunshine duration data. 
 The analysis of the renewable energy resources data has been carried out by HOMER software. From 
the results, the wind energy potential of the site is found to be considerable, although it may not be 
sufficient for a large independent wind farm; it is viable option if incorporated into other energy 
conversion systems such as PV, diesel generator and battery. The results also confirmed the availability of 
huge utilizable solar energy at the site.  
The results obtained from the software give numerous alternatives feasible hybrid systems with 
different levels of renewable resources penetration which their choice is restricted by changing the net 
present cost of each set up. The COE of the feasible setups in this study, which is in the range of 30 to 40 
cents per kWh, are high compared to the current global electricity tariff and the tariff in the country (<5 
cents/kWh). However, considering the shortage of electricity in the country (<20% coverage) and absence 
of electricity usage in rural areas (< 2% coverage), this cost should not be taken as a decisive factor. 
Instead other issues such as the role of a standalone hybrid system in protecting the environment from 
degradation, the improvement of life of people living in rural area, development of clean energy, and the 
future situation regarding fossil fuel sources should be taken in to account. Taking these issues into 
account the free solar and wind energy of the country should be utilized to improve the quality of life of 
the communities living in rural areas. 
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